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@ A method of reducing the transfer of metal particles In fuel electrodes of fuel cells. 



® Disclosed is a method of reducing the or transfer 
of a current carrying metal in an apparatus, such as 
an electrochemical ceil (2) having a porous fuel 
electrode (6) containing metal particles (11), where 
the metal is subject to removal or transfer into a 
gaseous phase, the method characterized in that a 
metal organic compound that decomposes to form 
an electronically conducting oxide coating when 
heated is applied to the metal and porous electrode, 
and the compound on the metal is then heated to a 
temperature sufficient to decompose the compound 
into an oxide coating (1 3) by increasing the tempera- 

5ture at a rate that is longer than 1 hour between 
room temperature and 600* C, resulting in at least 

Oone continuous layer (13), (14) of the oxide coating 

^on the metal. 
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A METHOD OF REDUCING THE TRANSFER OF METAL PARTICLES IN FUEL ELECTRODES OF FUEL CELLS 



This invention relates to a method of reducing 
the transfer of metal particles in an apparatus, such 
as a fuel cell, having a porous fuel electrode con- 
taining metal particles subject to transfer into a 
gaseous phase during operation of the fuel cell at 
high temperatures. 

A solid oxide fuel cell consists of a solid elec- 
trolyte sandwiched between a porous air electrode 
and a porous fuel electrode. A fuel, such as a 
mixture of methane and water, is passed over the 
porous fuel electrode and oxygen is passed over 
the porous air electrode. Oxygen ions migrate 
through the electrolyte to the fuel electrode where 
they react with the fuel, generating heat and elec- 
tricity. 

The porous fuel electrode is made of nickel 
particles held in place by an oxygen-Ion conducting 
metal oxide skeletal coating. It has been discov- 
ered that, after many hours in operation, the nickel 
particles in the fuel electrode next to the 
electrolyteyfuel electrode interface are gradually re- 
moved or transferred, resulting in a deterioration of 
cell performance. 

It is the main object of this invention to com- 
pletely eliminate the removal or transfer of the 
metal during fuel cell operation. 

Accordingly, the invention resides in a method 
of reducing the transfer of metal particles in a solid 
oxide fuel cell having a porous fuel electrode that 
comprises metal particles subject to transfer into a 
gaseous phase, embedded in a ceramic skeletal 
material, characterized by applying to said porous 
fuel electrode a solution comprising metal organic 
compound that, when heated, forms an electron- 
ically conducting oxide coating; and slowly heating 
said fuel electrode and applied solution to evap- 
orate solvent decompose the organic compound, 
and form a continuous layer of said electronically 
conducting oxide on the exposed metal particles of 
said fuel electrode, where the heating is at a rate of 
longer than 1 hour from room temperature to 
600' C. 

Applicants have discovered that the migration 
and removal or transfer of the current carrying 
metal into a gaseous phase in the fuel electrode, in 
other parts of solid oxide fuel cell generators, and 
in similar apparatus, is facilitated by reaction with 
water vapor and can be significantly reduced or 
even eliminated by applying to the metal particles 
a compound which can be decomposed to form a 
water vapor impervious, electronically conducting 
oxide coating by heating. Such coating is heated to 
600* 0 from room temperature over at least a 1 
hour time period. This provides a completely con- 
tinuous oxide coating. A possible explanation for 



nickel loss in the fuel electrode, may be that vola- 
tile nickel compounds form (such as nickel hydrox- 
ide, Ni(0H)2). which aid the transfer of nickel from 
one part of the electrode to another part. By coat- 
5 ing nickel particles with a stable, relatively water 
impervious oxide coating with electronic conductiv- 
ity, to maintain the electrochemical performance of 
the electrode, we are able to significantiy reduce 
the removal or transfer of the nickel, and maintain 
10 electrochemical performance. 

In order to achieve a coating on the nickel 
particles that is relatively impervious to water vapor 
at high temperatures, it is necessary that the coat- 
ing be substantially free from cracks and spaliing. 
75 We have found that such a coating can be formed 
by heating thin layers of the compounds used to 
form the coating from solution, at a very slow rate 
of temperature increase between room temperature 
and 600* 0. We have further found that it is prefer- 
so able to coat tine nickel particles at least twice, as 
subsequent coatings seal any cracks or imperfec- 
tions that may have formed in the first coatings and 
provide a completely continuous coating. 

In these embodiments of tiie electrode where 
25 the nickel particles are held in a metal oxide skel- 
etal coating which is subject to flaking, the fuel cell 
can be aged by operation for at least 30 hours, 
usually at 600* C to 1000* 0, at a current rate that 
will not oxidize the fuel electrode, so that substan- 
30 tially all flaking will have occurred prior to coating 
with the oxide. 

In order that the invention can be more clearly 
understood, convenient embodiments thereof will 
now be described, by way of example, with refer- 
35 ence to the accompanying drawings In which: 

Rgure 1 is an isometric view in section illus- 
trating a certain presentiy preferred embodiment of 
a conventional, prior art. tubular, solid oxide fuel 
cell configuration including a fuel electrode; 
40 Figure 2, which best illustrates the invention, 

is a schematic end view in section showing a 
certain improved, presently preferred double coat- 
ed embodiment of the fuel electrode portion of the 
tubular solid oxide fuel cell of Figure 1; 
45 Figures 3A and 3B are electron scanning 

micrographs and element maps of a polished 
metallographic cross-section through an electrode 
off the presently preferred embodiment that was not 
coated according to this invention. The electrode in 
50 Figure 3B shows agglomeration of nickel at the 
surface of the electrode and diminution of the nick- 
el masses near the electrolyte interface; and 

Figures 4A, 4B, 40 and 40 are electron 
scanning micrographs and element maps which 
show element distribution of a polished metallog- 
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raphtc cross-section through an electrode of the 
presently preferred embodiment that was coated 
according to this invention. The electrode In Rgure 
4B does not show agglomeration of nickel and 
dissipation of the zirconia phase at the surface, but 
shows retention of relatively larger masses of nick- 
el near the electrolyte surface. The element maps 
of cerium in Figure 4C and samarium in Rgure 4D, 
show the thorough distribution of the electronically 
conducting oxide within the electrode. The Ce-Sm 
oxide was deposited as described hereinafter. 

Referring now to Figure 1, air or oxygen. A. 
flows through the center 1 of tubular fuel cell 2. 
The air or oxygen permeates through porous sup- 
port tube 3 to air electrode 4 where the oxygen is 
converted to oxygen ions at the air 
electrode/electrolyte interface. The oxygen ions mi- 
grate through electrolyte 5 to fuel electrode anode 
6 where they react with the fuel stream. F. to 
generate electricity. Also shown in Figure 1 is 
longitudinal space 7 containing interconnection 8 
for making electrical connections between the un- 
derlying air electrode 4 and the fuel electrode of an 
adjacent cell (not shown). An electronically insulat- 
ing gap 10 electrically separates interconnection 8 
from fuel electrode 6. A metal or fuel electrode 
type of material 9 is coated over interconnection 8. 

Rgure 2 is a much enlarged and detailed sche- 
matic illustration of one embodiment of the struc- 
ture of fuel electrode 6. In Rgure 2, fuel electrode 
6 is formed from metal particles 11, typically of 
nickel, which are attached to electrolyte 5 by 
means of a ceramic skeletal material 12. For sake 
of simplicity, these nickel particles are shown as 
large masses, whereas, in fact, they are agglomer- 
ations of many small discrete particles with voids 
therebetween, embedded in the skeletal matrix 
structure. Dual, water impervious, electronically 
conductive metal oxide coatings 13 and 14 com- 
pletely and continuously cover metal particles 1 1 . It 
is essential to the invention that a continuous coat- 
ing preferably a series of coatings is provided. 

The process of this invention is useful in an 
electrochemical apparatus where a metal in an 
electrode can be volatilized by reaction with water 
vapor or other gaseous species. Such metals in- 
clude cobalt, iron, platinum, rhodium, and particu- 
larly nickel, because It is commonly used as a 
current collector in solid oxide fuel cells. Examples 
of such apparatus include solid oxide electrolyzers 
and fuel cells. The invention is particularly useful in 
treating fuel electrodes, because in a solid oxide 
fuel cell they are frequently subject to high water 
vapor partial pressures. The fuel electrode may be 
any gaseous-fuel permeable, metal-containing ma- 
trix configuration, where the metal is electronically 
continuous. 



Metal oxides that make useful coatings. 13 and 
14 in Figure 2, according to this invention must be 
stable In fuel atmospheres at the operating tem- 
peratures of the apparatus in which they are to be 
5 used, and must also form an oxide coating that is 
impervious to water vapor and that is electronically 
conductive, so that the coated metal can perform 
its function as an electronic conductor. In addition 
to being impervious to water vapor, if the coating is 
10 to be used in a solid oxide fuel cell, the coating 
should also be stable in the presence of one or 
more of hydrogen, carbon monoxide, carbon diox- 
ide, nitrogen, methane and higher carbon atom 
hydrocarbons as these gases are or may also be 
75 present in the fuel cell. 

Examples of suitable coating materials include 
lanthanum chromite. preferably modified, i.e.. 
"doped" by. for example, replacing part of the 
chromium with magnesium or part of the lanthanum 
20 with strontium, calcium, or barium. Strontium 
titanate can also be used, preferably "doped" with 
niobium, tantalum, or rare earth elements. These 
materials, which are excellent electronic conductors 
are preferred coatings. Cerium oxide can also be 
25 used undoped, or "doped" with tantalum, niobium, 
calcium, strontium, or rare earth elements which 
replace part of the cerium in the crystal lattice. The 
amount of dopant used can be up to its solubility 
limit, which may be up to 10 mole percent or more. 
30 The presence of a dopant is preferred because the 
proper amount of the right dopant can enhance the 
conductivity, stabilize the crystal structure, and 
help match coefficients of thermal expansion to 
prevent cracking. 
35 The oxide coatings, 13 and 14 in Figure 2, can 

be formed in a variety of ways. For example, in 
coating the partkiles on a fuel electrode after the 
fuel electrode has been formed, a solution in water 
and/or organic solvent of a soluble metal organic 
40 compound, such as an acetate of the element that 
will form the desired oxide in the coating upon 
appropriate heat treatment, is applied to the metal 
particles in the fuel electrode. Organic anions such 
as acetate or propionate are preferred. Inorganic 
45 anions, such as nitrate can be used if organic anion 
is also present. Use of organic anions has proven 
to provide better coating coverage. 

When the coating solution has dried, it is heat- 
ed to about 600 *C in a partially reducing atmo- 
50 sphere. By "partially reducing" is meant, contain- 
ing a small volume of Ha, such as 84 vol.% Na, 11 
voL% H2O and 5 vol.% H2* This is sufficiently 
reducing to be effective to maintain Ni or Co in the 
metallic state, but oxidizing enough to decompose 
55 the metal organic to form the corresponding metal 
oxide. The coating is then cooled to room tempera- 
ture. It is preferable to apply a second or even a 
third coating over the first coating to seal any 
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cracks or flaws that may have formed in the first 
coating on the nickel particles. The same or a 
different composition may be used to form the 
second coating. In forming the coating by this 
process, it is very important to heat at a slowly 
increasing temperature, preferably at a uniform 
rate, between room temperature and about 600 C, 
allowing, for example one or preferably two hours 
or more for that temperature increase to occur. 
This produces a very slow decomposition of the 
organic component, which reduces or prevents 
spalling or cracking of the oxide film coating. 

Other methods by which the coating may be 
formed include the eiectrophoretic deposition of 
particles suspended in a solution followed by their 
subsequent slow heating, as before, to form the 
oxide coating. The eiectrophoretic method has the 
advantage of preferentially coating those areas that 
are most conductive, i.e., the exposed metal. By 
whatever method the coating is formed, the amount 
of material used in forming the coating should be 
selected so that about 2 mg/cm^ to about 5 
mg/cm^ of the top surface of the fuel electrode (or 
of the article being coated), are covered with the 
oxide coating. 

Where the nickel particles are held in place by 
a metal oxide skeleton, usually of the same com- 
position as the electrolyte, which coating is subject 
to flaking during electrochemical cell operation, the 
cell can be aged prior to coating application. In this 
instance, the cell is operated for at least 30 hours, 
usually 30 hours to 60 hours, usually at 600 *C to 
1000' C. This additional step allows substantially all 
skeletal flaking or cracking and metal exposure to 
occur prior to the previously described coating 
operation. This can be very important to maintain- 
ing complete film coating of the exposed metal 
component of the fuel electrode structure. The 
electronically conducting coating where present on 
the oxygen conducting phase of the electrode will 
crack and spall due to water formation at the inter- 
face between the oxides. Water will form when 
hydrogen permeates the electronically conducting 
oxide and reacts with oxygen ions. 

The invention will now be Illustrated with refer- 
ence to the following example. 

EXAMPLE 



Fuel cell tubes were prepared as shown in 
Figures 1 and 2 using a fuel electrode made of 
powdered nickel particles held in place by a yttria 
stabilized zirconia skeleton. The fuel electrode of 
one fuel cell tube was left untreated, and the fuel 
electrode of a second cell, which ^was aged ^for 
about 50 hours by operation at 900* C to 1000 C, 



was treated according to this invention. A solution 
was made, containing 0.0154 mole of cerium ace- 
tate, 0.0046 mole of samaria. and 0.010 mole nick- 
el acetate, in 20 grams of H2O. The solution was 

6 brushed over the fuel electrode and the fuel cell 
was heated to IOOO' C. The heating time between 
room temperature and 600 'C was about 6 hours. 
The fuel ceil was cooled to room temperature and 
repainted with additional solution. The tube was 

10 again heated to the same temperature for the same 
time. The fuel cells were placed in use for 400 
hours at lOOO'C using a fuel of 22 percent by 
volume of carbon monoxide, 67 percent by volume 
hydrogen, and 11 percent by volume of water 

15 vapor. Metallographic cross-sections through the 
fuel electrode and electrolyte where made for each 
fuel ceil. 

Figure 3A shows a back scattered electron 
scanning micrograph of an untreated electrode. 
20 Figure 3B is an element map of nickel distribution 
in the untreated electrode after substantial use In 
fuel at 1000*C. Figure 4A shows a back scattered 
electron scanning micrograph of an electrode coat- 
ed initially with a cerium samarium acetate solution 
25 according to this Invention. Figure 4B is an element 
map of nickel distribution in the treated electrode 
after substantial use in fuel at 1000* C. In Rgures 
3A and 4A, the solid, bottom portion of the microg- 
raph is the electrolyte. As can be seen, after sub- 
30 stantial use in fuel at lOOO'C, a much larger part 
of the nickel (light particles) remains near the sur- 
face of the electrolyte (bottom back dark area) in 
Figure 4B as compared to Figure 38. Figure 4C is 
an element map of cerium (light particles) and 
35 Figure 4D is an element map of samarium (light 
particles), both showing excellent distribution of 
these coating elements through the top fuel elec- 
trode layer. 

40 

Claims 

1 . A method of reducing the transfer of metal 
particles in a solid oxide fuel cell (2) having a 

45 porous fuel electrode (6) that comprises metal par- 
ticles (11) subject to transfer into a gaseous phase, 
embedded in a ceramic skeletal material (12), char- 
acterized by applying to said porous fuel electrode 
a solution comprising metal organic compound 

50 that, when heated, forms an electronically conduct- 
ing oxide coating; and slowly heating said fuel 
electrode and applied solution to evaporate solvent, 
decompose the organic compound, and form a 
continuous layer of said electronically conducting 

5S oxide on the exposed metal particles of said fuel 
electrode, where the heating is at a rate of longer 
than 1 hour from room temperature to 600 ' C. 
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2. A method according to claim 1, character- 
ized In that the steps are repeated to form at least 
two layers of said coating on the exposed metal 
particles of the fuel electrode. 

3. A method according to claim 1. character- 5 
ized In that before the first step, the fuel cell is 
operated for at least 30 hours at from 600 'C to 
1000* C to allow flaking of the ceramic skeletal 
material, exposing metal particles. 

4. A method according to claim 1. character- io 
ized in that the oxide forming metal organic com- 
pound is selected from the group consisting of 
metal acetates, and metal acetates mixed with met- 
al, and the oxide-forming compound is heated in a 
partially reducing atmosphere. '5 

5. A method according to claim 1, character- 
ized in that the oxide coating contains lanthanum 
chromite. 

6. A method according to claim 1, character- 
ized in that the oxide coating contains strontium 20 
titanate. 

7. A method according to claim 1. character- 
ized in that the oxide coating contains cerium ox- 
ide. 

8. A method according to claim 1. character- 25 
ized in that the oxide coating is water vapor imper- 
vious and stable in hot fuel mixtures containing one 

or more of water vapor, hydrogen, carbon monox- 
ide, carbon dioxide, nitrogen, methane, and higher 
hydrocarbons. 30 

9. A method according to claim 1. character- 
ized in that the solution is applied to the metal 
electrophoretically. and the metal particles are se- 
lected from the group consisting of iron, cobalt, 
platinum, rhodium, and mixtures thereof. 3S 

10. A method according to claim 1, character- 
ized in that the metal particles are nickel particles. 
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FIG. 4D 



BNSDOCID: <BP ^0329890A1 J_> 



European Patent 
Ofiice 



EUROPEAN SEARCH REPORT 



Application Number 



EP 88 30 9890 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D,A 
A 



EP-A-0 249 305 (WESTIN6H0USE ELECTRIC 
^ORP • ) 

Claims 6,9,10; column 3, lines 23-48; 
column 5, lines 18-24 * 

EP-A-0 253 459 (WESTINGHOUSE ELECTRIC 
CORP.) 

FR-A-2 353 144 (CO. FRANCAISE DE 
RAFFINAGE) 



Citation of document with indicatian, where appropriate, 
of relevant passages 



The present search report has been drawn up for all claims 



Relevant 
to claim 



CLASSinCATlON OF THE 
APPUCATION ant. a.4) 



1,4,10 



H 01 M 8/12 



TECHNICAL FIELDS 
SEARCHED a". Cl.4) 



H 01 M 



Place of search 

THE HAGUE 



Date of Gonqiletion of the 

02-06-1989 



D'HONDT J.W. 



CATEGORY OF OTED DOCUMENTS 

X : particnlariy relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same categoiy 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or prhidple underlying the invention 
E ; earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document dted for other reasons 



& : member of the 
document 



patent family, corresponding 



BNSDOCID: <EP Q329890A1_I_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ R£F£RENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (USPTO) 



